Abstract A total of 40 individuals of P. blainvillei, incidentally caught on the southern coast of São Paulo State (region of Cananéia) (25º00S, 47º54W and 25º04S, 47º56W) and on the coast of Paraná State (25º18S, 48º05W and 25º58S, 48º35W), were recorded between 1997 and 1999. The average mortality of franciscanas incidentally caught by the only fishing boat sampled on the southern coast of São Paulo State, which operated up to 40 nautical miles (nm) from the coast, was 11 individuals/ year, with a proportion of 2.3 males for every female. An average mortality of 10 franciscanas/year was estimated for several artisanal fishing communities sampled on the coast of Paraná State, where fishing activities usually are not further than 5nm from the coast. There was no significant difference (P>0.05) between the proportion of males and females incidentally caught by the artisanal fisheries on the Paraná coast. The proportion of sexually immature franciscanas reached 55% in southern São Paulo State, compared with 76.2% for the coast of Paraná. Bottom-set gillnets, with a stretched mesh size of 7.0 and 13.0cm, recorded the greatest number of individuals incidentally caught in the Cananéia region. However, on the Paraná coast, the greatest number of franciscanas was incidentally caught in driftnets with a stretched mesh size of 10.0cm. Comparing these mesh sizes with those presented in the literature for franciscanas incidentally caught in other places, it seems that other fishery characteristics (e.g. distance from the coast, depth, fishing effort, and season) are more important than the mesh size itself. The predominance of captured males in the fisheries further away from the coast, and the greatest proportion of sexually immature franciscanas incidentally caught in the fisheries closer to the coast, suggest spatial segregation between some age groups and sexes for this species in the study area. The results also suggest that the fisheries with industrial fishing characteristics, carried out by the boats in the Cananéia region, could be causing a strong impact on the populations of P. blainvillei. This means that a continuous surveillance of fishing activity is necessary for a greater period, including as many boats as possible, in order to certify the mortality estimates in that region.
Introduction
Incidental catches of franciscana (Pontoporia blainvillei) are known throughout its distribution (Brownell, 1975; Pinedo, 1986; Pérez-Macri and Crespo, 1989; Corcuera, 1994; Siciliano, 1994; Pinedo, 1994a; Praderi, 1997; Moreno et al., 1997; Zanelatto, 1997; Secchi et al., 1997a; Di Beneditto et al., 1998; Rosas, 2000; Bertozzi and Zerbini, 2002; Santos et al., 2002) and are certainly an enormous threat to this species. On the southern coast of Rio Grande do Sul State, the mortality of franciscanas in coastal gillnets was estimated at 460 individuals/year (Secchi et al., 1997a) . According to Secchi (1999) and Secchi et al. (2000) , the population in that area will collapse if current levels of by-catch continue, and it is urgent to implement immediate management action to preserve the species. Concerning the northern form of P. blainvillei, distributed north of 27°S, Di Beneditto et al. (1998) presented data on the franciscana fishery interactions off the coast of Rio de Janeiro State, including fishery characteristics and catch per unit of effort (CPUE). Bertozzi and Zerbini (2002) presented data on fishery interactions of franciscanas off the northern coast of São Paulo State, with a total of 25 individuals incidentally caught in less than two years. According to the latter authors, due to the large number of fishing communities yet to be monitored, franciscana mortality in this area can be substantially higher. Information about franciscanas incidentally caught off southern São Paulo and Paraná states have previously been analyzed by Schmiegelow (1990) and Zanelatto (1997) , who based their studies mainly on stranded carcasses recovered from the beaches.
In this study, individuals of P. blainvillei incidentally caught on the southern coast of São Paulo State (Cananéia region) and the coast of Paraná State (25º00-25º58S), were analyzed. The main objective was to describe the fishery characteristics, number of animals caught per year, proportions of sexes and sexual maturity of the franciscanas captured.
Material and Methods
From January to June 1997, an information network was set up with the artisanal fishing communities of Vila da Barra do Superagüi, Ilha das Peças, and the beaches located between Pontal do Sul and Matinhos (25º18S, 48º05W and 25º58S, 48º35W) on the coast of Paraná State (Fig. 1) . The number of incidental captured franciscana on the southern coast of São Paulo State (region of Cananéia) (25º00S, 47º54W and 25º04S, 47º56W) ( Fig. 1) was obtained from only one commercial gillnet fishing boat monitored. For both regions, the fishermen were asked to make contact whenever they found a dead dolphin on the beaches and every time a franciscana incidentally died in their fishing nets. The present study analyzed franciscanas incidentally caught between July 1997 and June 1999 for Paraná region and from January 1998 to October 1999 for southern São Paulo. In order to characterize the fishery, information on the time of year, target species, position of the nets in the water, stretched mesh size (distance between opposite knots), size of the nets, distance from the coast, fishing area, number of nets in the community and the vessel horsepower were recorded. The fishing effort in the study area could not be estimated. Most of the time, especially during the first year of the study, fishermen were not confident enough to provide data on fishing effort, despite bringing the incidentally caught dolphins. Therefore we concentrated the field effort on the collection of biological material.
With the aim of verifying the sexual proportions of individuals incidentally caught, the sex of each specimen was recorded and the proportions analyzed by means of the Chi-square test (χ 2 ), using Yates correction for continuity (χ c 2 ), assuming as a null hypothesis a sexual proportion of 1:1.
The gonads were analyzed macro-and microscopically in order to determine the sexual maturity of the animals 25º00S 25º58S incidentally caught in the nets. For the histological analyzes, the gonads were fixed in a solution of 80% alcohol, 40% formaline, and glacial acetic acid, in the proportion of 85:10:5. After a period of 24hrs in this solution, the gonads were transferred to 70% alcohol, where they remained until histological preparation. The slides were prepared according to the technique described by Beçak and Paulete (1976) , with a thickness of 6µm and stained with Hematoxilin and Eosin (HE) and Massons Trichrome methods.
Results

Fishery Characteristics
The boat operating from Cananéia is not artisanal. It is 18m long and usually has four men aboard. The engine is of 115hp and trips can last up to 15 days. The nets are set between 10 and 20 nautical miles (nm) from the coast, but occasionally they are set up to 40nm from the shore. The main target species are small sharks (Mustelus sp. and Rhizoprionodon lalandei), sciaenids (Macrodon ancylodon, Menticirrhus sp., Cynoscion sp., Larimus breviceps and Micropogonias furnieri), largehead hairtail (Trichiurus lepturus), Atlantic leatherjacket (Oligoplites sp.) and spotted mackerel (Scomberomorus sp.). The characteristics of the fishing nets used by the boat are shown in Table 1 .
All the franciscanas incidentally caught on the Paraná coast came from artisanal fisheries. The fishing boats have an average length of 7 to 10m, usually operated by two fishermen. The engines of the fishing boats vary from 11 to 36hp and the boats usually start their fishing activities at dawn (05h00-06h00) and return at the end of the afternoon on the same day (16h00-18h00). Fishing activities usually occur up to 5nm from the beach.
The most important artisanal fishery on the Paraná coast concentrates on shrimps (Corrêa et al., 1996; Lana et al., 2000) . The main target species in the marine coastal area are Atlantic seabob (Xiphopenaeus kroyeri) and southern white shrimp (Litopenaeus schmitti), caught throughout the year, except during the protection period decreed by IBAMA (Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis), between February 15 and May 15 (G. Vivekananda, pers. comm.). Fishing activities in the estuarine waters of Paranaguá Bay target two other species of shrimps: the redspotted shrimp (Farfantepenaeus brasiliensis) and the pink shrimp (Farfantepenaeus paulensis). The shrimp fishery operates mainly with trawl nets (in coastal waters) and castnets (in bays), with no record in either case of incidental catches of cetaceans.
Capture of catfish (Ariidae) and seatrout (Cynoscion sp.) occurs throughout the year, usually using longline for catfish and drift gillnets with a stretched mesh size of 6.0cm for Cynoscion sp. Beach seine nets, with stretched mesh sizes between 6.0 and 8.0cm, are used from the coast to catch mullets (Mugil sp.), especially between May and June. Drift gillnets, with a stretched mesh size of 10.0cm, are used from May to July to catch spotted mackerel (Scomberomorus sp.) and Atlantic leatherjacket (Oligoplites sp.), and in summer (December to March) to catch small sharks (Rhizoprionodon lalandei and Mustelus sp.). Gillnets with a stretched mesh size of 14.0cm are occasionally used to catch small sharks and can be set either at the surface (driftnets) or on the sea-bed (bottom-set).
Bottom-set gillnets, with a stretched mesh size of 18.0cm, are set to catch common snook (Centropomus undecimalis) from October to January. Flat fish (Paralichthys orbignyana and Paralichthys tropicus) are caught mainly between June and August. This fishery uses bottom-set gillnets with a stretched mesh size between 20.0 and 22.0cm. These same nets are also used to catch croakers (Micropogonias furnieri) and angel shark (Squatina sp.). Grouper (Epinephelus sp.), cobia (Rachycentron canadus), and sharks (Galeocerdo cuvieri, Engomphodus taurus and Sphyrna sp.) are caught, especially in the summer months (December to March), using bottom-set gillnets with stretched mesh sizes varying from 35.0 to 45.0cm. The main characteristics of the fishing nets used on the Paraná coast that involved incidental catches of franciscanas are shown in Table 2 .
Incidental Catches
A total of 40 individuals of P. blainvillei incidentally caught in fishing nets were recorded. Of these, 20 came from the Cananéia region and 20 came from the Paraná coast. In the Cananéia area, the bottom-set gillnets, with stretched mesh sizes of 7.0 and 13.0cm, were responsible for 90% of the by-catch. Eleven individuals were incidentally caught during the first year sampled, and nine during the second year. The estimated annual bycatch of franciscana from the boat sampled was of about 11 (i.e. 20 animals in 22 months). Sixty percent were captured between September and November (austral spring). The proportion of sexes was significantly different (χ c 2 = 4.05; d.f.= 1; P<0.05), with a ratio of 2.3 males for every female. The total proportion of sexually immature franciscanas was 55%. Among the immatures, males and females accounted for 64.3% and 33.3%, respectively ( Fig. 2A) . Most of the incidental catches (63.3%) involved more than one individual. In 45.4% of the cases, the capture involved two individuals. Capture of one and three individuals represented 36.4% and 18.2%, respectively. On the Paraná coast, the numbers of incidentally caught franciscanas were 14 and six for the first and second years of sampling, respectively, with the captures distributed in a similar way throughout the year. The estimated annual by-catch was 10 franciscanas. Driftnets with a stretched mesh size of 10.0cm were responsible for most of the incidental catches of franciscanas, accounting for 38.5% of by-catch (Fig. 3) . Bottom-set gillnets for flat fish, with stretched mesh sizes from 20.0 to 22.0cm, caused the death of 23.1% of the franciscanas analyzed (Fig. 3) . Driftnets (stretched mesh size of 10.0 and 14.0cm) caught approximately 55% of the franciscanas. The proportion of males and females incidentally caught in this area was not significantly different from 1:1 (χ c 2 =0.45; d.f.=1; P>0.05). Of the 20 franciscanas incidentally caught, 75% were sexually immature, of which 62.5% were males and 83.3% were females (Fig. 2B) . All incidental catches of P. blainvillei involved only one individual per net. However, on one occasion a franciscana and an estuarine dolphin (Sotalia guianensis) were caught simultaneously in a bottom-set gillnet with a stretched mesh size of 14.0cm, set for small sharks.
The distinct characteristics of the fishery off the Paraná coast (up to 5nm from the coast) and in the Cananéia region (up to 40nm from the coast) also resulted in a differential mortality in the incidental catches of franciscanas. Of the total number of immature animals recorded, 60% were caught off the Paraná coast. On the other hand, the fishing boat in the Cananéia region incidentally caught 64.3% of the mature individuals.
Discussion
The nets that caused the greatest incidental catches of P. blainvillei in the Cananéia region were the bottom-set gillnets, with stretched mesh sizes of 7.0 and 13.0cm, usually set further than 10nm from the coast. These were the most frequently used nets by the boat sampled in that region, but not necessarily the ones with the greatest catch rates. Fishing activities in this region are not considered artisanal and are more similar to those carried out off the coast of Rio Grande do Sul State, where bottom-set gillnets cause high mortality of franciscana (Moreno et al., 1997; Secchi et al., 1997a) .
Off the Paraná coast, driftnets with a stretched mesh size of 10.0cm caught the largest number of P. blainvillei. However, these were also the nets most frequently used by the fishing communities. As for the Cananéia region, estimating the fishing effort for each type of fishing net is required to properly assess the relative threat between net types. The proportion of franciscana caught in each net type differs slightly from a previous study. According to Zanelatto (1997) , bottom-set nets were responsible for 58.3% of the captures. Our data revealed that these nets and driftnets captured 45% and 55% of the franciscanas analyzed, respectively. The difference, however, is small, and might be related either to the sample size or to temporal variation in fishing effort.
According to Praderi et al. (1989) , large mesh size nets (from 30 to 34cm) are more dangerous for franciscana populations in Uruguay and Argentina. Although artisanal fishermen set large mesh-sized nets (35 to 45cm) for sharks off Paraná State, during summer months, no franciscana by-catch was reported in these nets. Captures occurred only in nets with mesh sizes ranging from 6 to 22cm. Secchi et al. (1997a) showed that bottom-set gillnets with relatively small mesh sizes of 9 to 16cm are responsible for a high by-catch rate of franciscana off Rio Grande do Sul State. It is possible that, in the case of incidental catches of P. blainvillei off Paraná and southern São Paulo states, the fishing site, depth, fishing effort and season are more important than the mesh size of the nets. However, this hypothesis needs to be tested through analyzes of catch rates of each net type, corrected by effort.
In waters off Rio Grande do Sul State and Uruguay, Pinedo (1994b) reported that between 67% and 73% of the franciscanas incidentally caught were juveniles (less than 4 years old, with the one-year age class being prevalent), and that these proportions were reasonably constant over time (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) . According to the same author, populations from Uruguay present an apparently constant age distribution at different distances from the coast and different depths. However, according to Secchi et al. (1997b) and Secchi (1999) , there is a difference in the average depth of incidental catches of adult male and female franciscanas off the Rio Grande do Sul coast, with captures occurring at 31m and 22m of depth, respectively. Although the small sample size in our study rules out a definite conclusion, the results suggest a certain degree of spatial segregation, with sexually immature individuals occurring mainly at distances up to 5nm from the coast (State of Paraná), with an increase in the incidental catches of sexually mature individuals at distances greater than 10nm from the coast (southern São Paulo State). Similarly, the predominance of males incidentally caught in the latter area suggests a segregation of sexes, with a greater number of males at distances beyond 10nm from the coast in the study area. This is also corroborated by the predominance of males in simultaneous catches observed in Cananéia.
The fact that most of the franciscanas incidentally caught in the study area were sexually immature is less worrying than if most of them were mature. It is known that the mortality of mature females, which actively participate in reproduction, has more harmful effects to the populations than the mortality of immature individuals (Gearin et al.,1994 . However, the incidental catches of franciscanas in the Cananéia region seem to deserve special attention. The mortality in that location reached 11 animals/year, from only one fishing boat. Approximately 30 boats operate in that region, using similar nets. Assuming that all of them operate in the same fishing area, during the same time of the year, with a similar fishing effort, it would be reasonable to assume that the catch rate is also similar. If so, the potential annual mortality of franciscanas in this region would be close to 330 animals. Although the reproductive rate of P. blainvillei is considered relatively high among odontocete species (Harrison et al., 1981; Danilewicz et al., 2000) , potential mortality levels are very high and may drive the population to a decline if the population size is not large enough to sustain the removal rates. Therefore, we recommend a thorough and systematic monitoring of the fishing activities along the southern São Paulo coastal area, including as many boats as possible, in order to estimate the total by-catch. If necessary, conservation methods for reducing incidental catches of this species in the region should also be adopted.
Off the Paraná coast, Zanelatto (1997) reported 24 individuals of P. blainvillei incidentally caught during a seven-year period (1989 to 1995), averaging only 3.4 animals/year approximately one third of the values obtained in this study based on data collected between 1997 and 1999. According to Lana et al. (2000) , there is evidence that overall landings of artisanal fisheries are decreasing in the region. Rosas (2000) observed an increasing tendency of artisanal fishermen in Paraná to abandon fishing and turn their attention to regional tourism. There is no evidence of increased fishing effort in the area, and the difference between the two studies can be due to differences in methodology. Zanelatto (1997) based her work on stranded animals or interviews with fishermen, without an intensive effort for recovering dolphins incidentally caught. However, it is also possible that the difference may reflect a real increase in franciscana by-catch.
Even if the latter hypothesis is correct, the total incidental catches off the Paraná coast are still relatively modest. About 40% of the fishing boats were monitored in that area, resulting in an estimated annual mortality of 10 individuals. All boats have similar fishing nets. Assuming that they operate at similar distances from the coast, during the same period, with a similar fishing effort, the total annual by-catch along the Paraná coast can be of about 25 franciscanas.
